Introduction. Contradictory results have been reported regarding most delivery parameters as risk factors for urinary incontinence. We investigated the association between the incidence of urinary incontinence six months postpartum and single obstetric risk factors as well as combinations of risk factors. Material and methods. This study was based on the Norwegian Mother and Child Cohort Study, conducted by the Norwegian Institute of Public Health during 1998-2008. This substudy was based on 7561 primiparous women who were continent before and during pregnancy. Data were obtained from questionnaires answered at weeks 15 and 30 of pregnancy and six months postpartum. Data were linked to the Medical Birth Registry of Norway. Single and combined delivery-and neonatal parameters were analyzed by logistic regression analyses. Results. Birthweight was associated with significantly higher risk of urinary incontinence six months postpartum [3541-4180 g: odds ratio (OR) 1.4, 95% confidence interval (CI) 1.2-1.6; >4180 g: OR 1.6, 95% CI 1.2-2.0]. Fetal presentation, obstetric anal sphincter injuries, episiotomy and epidural analgesia were not significantly associated with increased risk of urinary incontinence. The following combinations of risk factors among women delivering by spontaneous vaginal delivery increased the risk of urinary incontinence six months postpartum; birthweight ≥3540 g and ≥36 cm head circumference; birthweight ≥3540 g and forceps, birthweight ≥3540 g and episiotomy; and ≥36 cm head circumference and episiotomy. Conclusion. Some combinations of delivery parameters and neonatal parameters seem to act together and may increase the risk of incidence of urinary incontinence six months postpartum in a synergetic way.
Introduction
What constitutes the delivery risk is less well-established (4, 7) . The identification of delivery risk factors is of interest for two reasons; first, such knowledge may improve the understanding of the mechanisms underlying UI; secondly, identification of modifiable risk factors may prevent incontinence in susceptible women.
Several studies have investigated delivery parameters as risk factors for UI. Contradictory results have been reported for forceps and vacuum delivery (8) (9) (10) , epidural analgesia (8) (9) (10) , and breech delivery (8, 9) . Further, there is inconsistency regarding the association between UI and pelvic trauma such as episiotomy (8) (9) (10) (11) (12) and sphincter tear (8, 10) . Finally, contradictory results are reported regarding neonatal parameters, for example high birthweight (5, 8, 9, 11) and head circumference (5, 8, 13) . A common methodological problem is relatively low number of participants, sometimes from selected populations.
It is plausible that obstetric risk factors may interact and amplify the risk of incontinence when they appear simultaneously. Further complicating the matter, such combinations of risk factors may arise because of an underlying factor that is in itself an independent risk factor for incontinence (so-called confounding by indication). Additionally, it is of interest to identify risk factors that act during pregnancy and separate them from the effects of the vaginal delivery. To investigate this, comparison of women who had cesarean section with women who delivered vaginally is needed, and this demands data from a large population.
We wanted to explore these methodological challenges in a community-based cohort with a large number of participants. We used data on UI from the Norwegian Mother and Child Cohort study (MoBa) (14) linked to the Medical Birth Registry of Norway, which has registered information on all deliveries in Norway since 1967. The current cohort study is designed to investigate the association between incidence of UI and single obstetric risk factors as well as combinations of such risk factors.
Material and methods
There are approximately 55 000 births annually in Norway. MoBa is a prospective population-based pregnancy cohort study conducted by the Norwegian Institute of Public Health (14) . MoBa has invited approximately 30 000 women annually from 1999 to 2008 to participate in the study. Women have been recruited from 50 of 52 Norwegian maternity units with more than 100 births annually. The pregnant women were invited by mail three weeks before undergoing their routine pregnancy ultrasound examination at gestational week 18 (14) . By 2006, 43.2% of the invited primiparous women had agreed to participate by informed written consent (15) . The enrollment of participants has been completed, as MoBa has met the target number of 100 000 pregnant women. Follow up is still ongoing. The current study is based on version 2006 of the quality-assured data files released for research on UI in pregnancy.
Data were obtained by postal questionnaires at six time points, from week 15 in pregnancy to three years after birth. We used a dataset from 1999-2006 based on questionnaire 1, distributed during week 15 of pregnancy; questionnaire 3, distributed during week 30; and questionnaire 4, distributed at six months postpartum. The questionnaires focus on maternal health in association with pregnancy. The questionnaires also obtained descriptive data on the maternal age and body mass index (BMI). Women were asked to participate only once. However, given participation, responses in the follow-up studies were strongly emphasized. Questionnaires 3 and 4 were completed by 92 and 87%, respectively, of the women who were enrolled in MoBa (14) .
This substudy was designed to explore the specific association between delivery-and neonatal parameters and incidence of UI six months postpartum. We included women who were primiparous, continent before pregnancy and during pregnancy, and having singletons. Women who had not completed questionnaire 1, questionnaire 3 or questionnaire 4 were excluded. Thus, our study population consisted of 7561 women. Descriptive data from a study population of 12 679 women, which included our population, have been published previously (6, 16) . There were no significant differences in the datasets when comparing demographic data (data not shown). The main differences between women who were continent and incontinent before pregnancy were presented in our first article (3).
Urinary incontinence
Incidence of UI six months postpartum was the main outcome in this study, and is defined as "UI" in this study. We used a symptom-based questionnaire based on the terminology of the International Continence Society (17) . The women were asked about current leakage. Incontinence was reported as occurring when coughing/ laughing/sneezing, when running/jumping or if they had leakage accompanied by a strong urge to void. Frequency (never, one to four times per month, one to six times per week, once a day, more than once a day) and amount (droplets, larger volumes) were registered. Women who confirmed occurrence, frequency, and/or amount were defined as having "any UI" according to standardized terminology of urinary tract symptoms (17) . UI was not categorized into type and severity due to the extent of sub-analyses on different parameters. In questionnaire 1, women reported UI before pregnancy and in week 15. In questionnaires 3 and 4, the women reported UI at week 30 of pregnancy and six months postpartum, respectively. Women who reported continence in questionnaires 1 and 3, and incontinence in questionnaire 4 were categorized as having incidence of UI six months postpartum.
Delivery parameters and neonatal parameters
The neonatal exposure variables were birthweight and head circumference (categorized according to the 50th and 90th percentiles for initial analyses), gestational age, and neonatal presentation at delivery (occiput anterior delivery, other head presentation or breech). The maternal exposure variables were age, BMI six months postpartum, performing pelvic floor muscle training six months postpartum, weight loss from delivery to six months postpartum, obstetric anal sphincter injuries (OASIS) (18) (gynecologist-diagnosed OASIS), and mode of delivery [elective cesarean section, acute cesarean section, spontaneous vaginal delivery (SVD), vacuum, or forceps]. Iatrogenic exposure variables were the use of epidural analgesia and episiotomy. The above variables are referred to as "delivery parameters and neonatal parameters" in this study. The Medical Birth Registry does not provide valid data on prolonged labor. Data on OASIS, mode of delivery, and all exposure variables associated with the newborn or iatrogenic factors were taken from the Medical Birth Registry of Norway. Data on the remaining exposure factors were taken from the MoBa study.
Statistical analyses
Analyses on both single delivery variables and combinations of delivery-and neonatal parameters were performed. Only women delivering by occiput anterior position without OASIS were included in analyses on combinations parameters. One delivery/neonatal parameter was combined with another delivery/neonatal parameter or descriptive variable. Continuous variables such as birthweight, head circumference, age, and weight loss were transformed to binary variables based on the 50th percentile in combined analyses. BMI was transformed to binary variable based on the presence of overweight (BMI ≥25). Forceps and vacuum delivery were treated as a delivery parameter in combined analyses.
Adjustment for confounding was done by multivariable logistic regression for the different variables. IBM SPSS Statistics 22 for Windows (SPSS, Inc., Chicago, IL, USA) was used for the general statistical analyses. A p-value <0.05 was considered statistically significant. Data are presented as mean values, percentages, odds ratio, and corresponding 95% confidence intervals, stratified by mode of delivery.
Effect modification and confounding
Effect modification by one variable on the association between another variable and UI was tested using the Breslow-Day test for homogeneity between odds ratios after stratified analyses (19) and by logistic regression analyses. Confounding was evaluated by means of multivariable logistic regression and cross-tab analyses. A confounder was included in regression analysis if it was associated with both exposure and outcome, and additionally altered the risk estimate >5%. The following potential confounders were explored when appropriate for each delivery parameter and neonatal parameter: age, BMI, weight loss postpartum, pelvic floor muscle training, birthweight, head circumference, OASIS, fetal presentation, mode of delivery, epidural analgesia and episiotomy.
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Results
Baseline data are presented in Table 1 . A total of 7561 women with a mean age of 27.9 years were enrolled in the study: 6441 women (85%) delivered by vaginal delivery and 1120 women (15%) by cesarean section. Mean gestational age at delivery was 39.5 weeks.
The effect estimates of birthweight on UI were confounded by BMI, age, weight loss postpartum and mode of delivery. Apart from mode of delivery, no confounder was identified for the association between UI and OASIS, episiotomy, and epidural analgesia, respectively.
Single parameters
The incidence of UI six months postpartum was 20.7% in the whole study group. Of the women with cesarean section, 8.3% experienced UI, whereas after spontaneous vaginal delivery, 22.7% had UI (Table 2) , leading to a significantly lower risk of UI six months postpartum in the cesarean section group compared with the vaginal delivery group (p < 0.01).
Among women with SVD, higher birthweight was associated with higher risk of UI six months postpartum [odds ratio (OR) 1.4, 95% confidence interval (CI) 1.2-1.6 when the newborn was 3541-4180 g; OR 1.6, 95% CI 1.2-2.0 when the newborn was over >4180 g] (Table 3) . Large head circumference of the newborn was also associated with increased risk of UI (OR 1.3, 95% CI 1.2-1.5 for newborns with head circumference 35-37 cm). Neonatal presentation, OASIS, episiotomy and epidural analgesia were not significantly associated with increased risk of UI among women with SVD (Table 3) . No significant association was found for delivery parameters or neonatal parameters and UI after any cesarean section (Table 3) . Also in analyses of elective cesarean section alone, no significant associations were found (results not shown).
BMI ≥25 kg/m 2 was significantly associated with UI six months postpartum compared with BMI <25 kg/m 2 (OR 1.4, 95% CI 1.2-1.7). Age ≥29 years increased the risk of UI by OR 1.6, 95% CI 1.4-1.8 compared with age <29 years.
Combinations of risk factors
Due to the extensive number of analyses performed, only combinations of risk factors revealing a higher risk of UI than what was found in analyses of the separate risk factors in the combination are presented (Table 4) . Combinations of parameters that were significantly associated with UI six months postpartum are shown in Table 4 . For women delivering by SVD, the risk of UI six months postpartum in association with a given combination of risk factors was higher than the risk of UI in association with each separate risk factor for the following combinations: birthweight ≥3540 g and ≥36 cm head Table 1 . Baseline values for primiparous women who were continent before and during pregnancy by mode of delivery. Data are given as absolute numbers. Prevalence is given for the total number in each delivery category and incidence of urinary incontinence (UI). Distribution is given for delivery parameters. Mean (SD) is given for demographic data.
All women
Vaginal delivery Cesarean section p Table 4 . There was a significantly increased risk of UI among women with SVD for the combination of high maternal age or high BMI and a newborn with either birthweight or head circumference >50 percentile, compared with none of those risk factors.
Only one association was subject to effect modification, as the OR of UI 6 months after SVD of a child ≥3540 g compared with <3540 g, was 1.6 (95% CI 1.3-2.0) with episiotomy and 1.2 (95% CI 1.0-1.3) without episiotomy. Episiotomy leads to effect modification, as the risk difference between these groups was significant (p < 0.05).
Discussion
In this large cohort of primiparous women, our results suggest that newborns of higher birthweight and/or large Table 3 . Adjusted odds ratio (OR) for incidence of urinary incontinence 6 months after spontaneous vaginal delivery or any cesarean section among primiparous women who were continent before and during pregnancy, according to single neonatal-and delivery parameters.
Spontaneous vaginal delivery
Any cesarean section head circumference represent a risk for UI six months postpartum. The combination of high birthweight and head circumference even seemed to interact and enhance the risk as compared to either risk factor alone.
This risk was, however, modified by episiotomy, which alone was not associated with postpartum UI in women undergoing vaginal deliveries. The use of episiotomy in women with heavier babies significantly increased the risk of incontinence. Hence, episiotomy appears to work in synergy with higher birthweight, and this effect modification was statistically significant. We cannot rule out confounding by indication. However, if our finding is confirmed in future research; clinicians should balance the need for episiotomy in women with large babies, safe delivery and the risk of maternal UI. Women with the combination of forceps delivery and a newborn >3540 g had a significant OR of 2.1 of UI as compared with women with spontaneous delivery and a newborn with birthweight below the 50th percentile. From these findings, it seems that risk factors such as episiotomy and forceps, respectively, interact with high birthweight. Lack of analyses of relations and effect modifications like this may be a reason for conflicting findings in previous literature (5, 8, 10, 11) .
Another finding of interest was that birthweight above the 50th percentile was a significant risk factor for UI six months postpartum among women who had spontaneous deliveries, but not among women delivered by cesarean section. Difference in the pelvic floor between women delivering by cesarean section and women delivering vaginally might explain part of this difference (20) . Also, during delivery, prolonged pressure from the fetus on the pelvic floor may cause neuropraxia. The nervous pudendus is particular vulnerable to damage. As the fetus passes through the vaginal canal, a variety of trauma to muscles, fascias and connective tissues affect the pelvic floor and urethral support, which are all associated with UI (21). This might indicate that the risk of high birthweight is induced by the movement of the heavy fetus through the delivery canal rather than weight carried during pregnancy.
Considering maternal factors, there was a significantly increased risk of incontinence among women with SVD for the combination of high maternal BMI or high age and a newborn with either birthweight or head circumference above the 50th percentile.
A major challenge in this study was to separate and combine a variety of risk factors for analyses. In real life many of these risk factors will be entangled with each other in unknown ways. Confounding by indication further complicates the matter by possibly blurring the real contribution of different risk factors. One relevant example is the combination of high birthweight and the use of forceps. Women with high BMI are at increased risk of having the combination of high birthweight in the child and forceps delivery, but high BMI is also an independent risk factor for UI (22) . Accordingly, it is difficult to separate the effect of an amplified risk due to combinations of obstetric risk factors on one hand, and an underlying risk of incontinence that is simultaneously associated with combined delivery risk factors on the other hand. We think it is important to sort out and combine risk factors to see how they interact to inform the complex situation of decision making in the clinical situation.
One factor that may be of interest is the risk of prolonged labor. Unfortunately, the Birth Registry did not provide valid data for analyses of this factor. The dataset did not have data on maternal health regarding asthma, diabetes, etc. These underlying conditions might influence the results. Another limitation of this study is that women in MoBa reported UI status in week 30, but not at delivery. Hence, we do not have information about the incidence of UI from week 30 to delivery. This might increase incidence estimates six months postpartum. The MoBa questionnaire on UI is not validated. However, the Norwegian UI questions are based on the validated Sandvik's Severity Index (23) . We believe that the content of the current questions on UI give nearly the same information as validated questionnaires on this subject, but incidence data are used with caution. We have elaborated more on the strengths and weaknesses in MoBa and in our study population in a previous report (6) .
The study population is derived from relatively homogeneous population. The proportion of cesarean section (15.0%) in this study was similar to the proportion for all deliveries in Norway as a whole during this time period (13.5-16.5%), but lower than in other high-income countries. The response rate among primigravida women was only 45%. The study population is a selected low-risk population consisting of primiparous women who were continent before and during pregnancy. Incidence estimates are probably not representative for all women postpartum. However, unlike prevalence studies, risk factor analyses are quite robust to selection bias (15), and we do not think this is a problem for our results.
The design of the study is well suited to explore the research question, as we selected women who were continent before and during pregnancy (week 30). Only occiput anterior delivery was included in combined analyses, and women with OASIS and episiotomy were excluded to isolate effects of the investigated delivery variables. The results are important for a better knowledge of the mechanisms of delivery involved with UI, but results cannot be generalized to a global population of pregnant women. A strength of this study is the large number of participants, allowing for analyses of complex variables. Nonetheless, with a variety of stratification and combination procedures, we faced problems with low numbers in a few analyses, for instance breech delivery. There is a risk of type II errors in such cases. Subanalyses on type of UI were therefore not possible.
The prevalence of pure stress UI is reported to be two to eight times higher than the prevalence of pure urgency UI in pregnancy (24) (25) (26) . The prevalence of mixed UI is reported to be 0.3-1.5 times the prevalence of pure stress UI in pregnancy (24, 25) . The stress/urgency ratio is reduced postpartum as the prevalence of stress UI declines (26) . Stress UI is the most common type of UI six months postpartum in this dataset (6) . If UI in this study were categorized into stress, urgency and mixed UI, high birthweight would be likely to increase incidence of stress UI the most (8) . Large head circumference is found to increase urgency UI the most (8) . The combination of high birthweight and large head circumference would be likely to increase mixed UI.
In our single parameter analyses, breech delivery, OASIS and episiotomy were not risk factors for postpartum incontinence in this study population. This is in contrast to some previous studies (8, 12) . Several studies have investigated single risk factors to find an explanation for the increased risk of incontinence following vaginal delivery as compared with cesarean section (5, (8) (9) (10) (11) . Many of these have documented slight increases in risk, especially for birthweight of the newborn (5, 8, 9, 11) . However, no risk factors have so high an OR for UI that they can explain the increased risk of UI after vaginal delivery.
Our study was primarily an attempt to see whether combinations of risk factors could increase the risk in a synergetic way. This may give more comprehensive insight into neonatal-and delivery parameters as risk factors as well as inform clinicians better. The ongoing research project by Wilson et al. (27) to combine relevant data in order to predict women at risk for later incontinence is part of the same strategy. Gartland et al. reported that a prolonged second stage combined with operative vaginal delivery represented an increased risk for incontinence, whereas operative delivery without prolonged labor did not (12) . This strengthens our presupposition that it is important to further investigate combinations of risk factors. Additional combinations of different established and unestablished delivery-and maternal characteristics are likely to influence a predictive algorithm of UI after delivery.
In conclusion, we report that some delivery parameters seem to act together and may increase the risk of incidence of UI six months postpartum in a synergetic way. However, the effects are generally in the lower range and, in a public health perspective, they do not seem to fully explain the increased risk inherent in vaginal delivery.
